Firms invest in a variety of information technologies and seek to align their IT asset portfolios 5 with two key performance outcomes: efficiency and innovation. Existing research makes the 6 universalistic assumption that both outcomes will always be realized through firms' IT asset 7
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Vallabh The alignment of information technology (IT) management and business strategy continues 2 to be a priority and a challenge in organizations (Luftman, Kempaiah, and Rigoni, 2009) . 3 Luftman and Kempaiah (2007; also, Ward, Daniel, and Peppard, 2008; Westerman and Hunter, 4 2009) argue that the ability of executives to assess and communicate how their firms' IT 5 investments benefit specific business goals is important for enhancing alignment. As a case in 6 point, Curley (2004) describes the ongoing efforts at Intel to develop a dashboard of business 7 goals that could be used as benefits for justifying IT investments. Managers are encouraged to 8 identify the appropriate business goals and make the case for IT investments accordingly. It is 9
clear that advances in the practice of IT management have sought to develop frameworks and 10 methodologies for linking IT investments with specific business goals and benefits. However, the 11 existing research has yet to provide commensurate descriptive or prescriptive evidence about 12 how and when IT investments enable specific business outcomes. 13 In particular, the business strategies of firms involve two distinctive processes of exploitation 14 and exploration (e.g., March 1991; Levinthal and March 1993). During exploitation, firms use 15 their existing knowledge to enhance organizational efficiency (Benner and Tushman 2003) . On 16 the other hand, during exploration, firms search for new knowledge, develop new products and 17 services for emerging customers and markets and enhance their innovation performance (Benner 18 and Tushman 2003) . Therefore, firms invest in IT to improve the efficiency of their existing 19 operations by substituting labor, reducing inventory, or by eliminating waste. Here, IT value is 20 achieved through exploitation, i.e., by performing existing activities more efficiently. 21 Transaction processing systems (TPS) are a classic example of this type of IT (Sabherwal and 22 Chan 2001) . Alternatively, firms invest in IT to achieve innovation by supporting the 23 development of new products and processes. For example, market scanning and interpretation 1 systems are used to identify new products and services, and discover underserved markets 2 (AnalysisTeam 2005) . 1 In this way, IT value is achieved through exploration i.e., by developing 3 new products and services to serve underserved markets. 2 
4
Existing empirical research has demonstrated that investments in IT are associated with 5 increased firm output Hitt 1993, 1996 IT enhance organizational innovativeness (Kleis, Chwelos, Ramirez, and Cockburn, in press). 10 Other scholars have argued that the enterprise-level impacts of IT should be measured through 11 intermediate (i.e., process) level metrics (e.g., inventory turnover ratio) ( there is a recent realization that a portfolio perspective may be more appropriate. Aral and Weill 8 (2007) identify four different types of systems in a firm's IT asset portfolio -infrastructural, 9
transactional, informational, and strategic IT systems, and describe how they contribute 10 differently to efficiency and innovation. Ross and Beath (1996) describe different long-term and 11
short-term goals in a firm's IT asset portfolio and describe how firms can balance their portfolio 12 across these goals. A common theme in these conceptualizations is that firms can enhance 13 strategic alignment through their IT asset portfolio because they have to address multiple 14 performance objectives, not all of which might be achievable through similar actions or 15 investments. 16 Therefore, this research examines the relationship between firms' IT asset portfolios and the 17 performance outcomes associated with efficiency or innovation. Further, we test a contingency 18 theory whereby we propose that firms' IT asset portfolios are related to efficiency or innovation 19 outcomes in different industry environments. This contingency perspective is motivated by the 20 IS-business strategy alignment literature (e.g., Sabherwal and Chan 2001) , which suggests that 21 managers should align their IT goals with business strategies and objectives; and, the structure-22 conduct-performance paradigm (e.g., Porter 1985; Domowitz 1986), which suggests that an 23 efficiency and on new product and process innovation. Firms face lower levels of dynamism in industries with enduring technologies and stable and 15 predictable consumer preferences. Here, they can produce and sell homogeneous products in 16 larger volumes and achieve economies of scale. Munificence refers to the opportunities for 17 growth in the industry. There are fewer growth opportunities in less munificent environments. 18
Though firms in these industries are likely to face less competition from new entrants, they face 19 aggressive competition from other incumbents. Thus, they strive to eliminate waste, reduce costs, 20
and increase the efficiency of their operations to maintain profitability. The complexity of the 21 environment arises from the number and diversity of external entities a firm has to deal with. 22
Competition is one of the salient aspects of a complex environment. A concentrated industry 23 may have a less complex environment because a few firms dominate the industry. Porter (1980) (Thomas 1996) . 4
Industry environments with lower levels of dynamism, munificence, and complexity allow 5 firms to pursue relatively enduring strategies and compete through operational efficiencies and 6 incremental innovations (Tushman and Anderson 1986) . Firms compete by following intensive 7 planning and control that is oriented toward cost reduction and improvements in operational 8 efficiency. They build information systems for maintaining control over existing operations and 9 seek to grow with incremental improvements in products and processes rather than through 10 radical innovations to explore new product and/or market opportunities. 11
In less dynamic, munificent and complex environments, a firm's IT asset portfolio should 12 support the pursuit of exploitation and enhancement of operational efficiency. Barua et. al (2004) 13 suggest that IT resources are associated with supplier and customer side informational 14 capabilities, where supplier-(customer-) side informational capabilities improve information 15 sharing and coordination with suppliers (customers). These informational capabilities should 16 positively impact operational performance. Thus, firms may use their IT asset portfolio to 17 improve the efficiency of their customer side, supply side, and administrative and operational 18 processes. The objective of customer-side informational capabilities is to reduce the cost of 19 serving customers. For example, GE uses an integrated system to support web, call center, and 20 retail activities to reduce costs and improve the efficiency of customer service operations (Patton 21 2006) . On the supply side, firms may use EDI systems to reduce shipment errors (Srinivasan et al. 22 1994) . Similarly, firms may rely on Collaborative Planning, Forecasting, and Replenishment 23 (CPFR) tools to decrease inventory levels and reduce stock outs (Lee 2002) . These supplier-side 1 informational capabilities improve the efficiency of the operational and supply side processes. 2
In less dynamic, munificent, and complex environments, firms may also focus their IT asset 3 portfolio on administrative and financial management systems, where the objectives are to 4 monitor and control operations, improve asset allocation and utilization, and reduce cost and 5 eliminate wastage. For example, Dow Chemicals adopted enterprise systems to reduce costs by 6 streamlining financial control and administrative processes (Davenport 1998) . 7
These arguments suggest that firms operating in less dynamic, munificent, and complex 8 industry environments usually pursue efficiency in their operations. Of course, some firms may 9 choose to go counter to the industry norm and follow a differentiation approach through 10 innovation in less dynamic, munificent, and complex industry environments (Smith et al, 2001 ). 11
Such a strategy would be consistent with the competitive approach taken by prospectors (Miles 12 and Snow, 1978). However, our conceptual arguments suggest that most firms are likely to 13 follow the industry norm and pursue efficiency in less dynamic, munificent, and complex 14 industry environments. Therefore, we propose that firms in such environments will direct more 15 of their IT asset portfolio toward exploitation initiatives relative to exploration initiatives. In more dynamic, munificent, and complex environments, firms focus on identifying and 3 pursuing new product and market opportunities. They use aggressive market research and R&D 4 to develop radically new products and significantly better processes. In these environments, 5 competitive interactions occur through R&D/patent races and new product and process 6 innovations, where firms frequently redefine and enter into new markets. In order to locate the 7 new areas of opportunity, firms develop and maintain the capacity to survey a wide range of 8 environmental conditions, trends, and events. They also seek alliance relationships to gain access 9 to resources and capabilities that would enable them to take advantage of emerging opportunities 10 (Powell, et. al. 1996 ; Brown and Eisenhardt 1997). The goal is to grow through radical product 11 and process innovations and market development, rather than through increased efficiency in the 12 existing operations. production, (ii) innovation production -IT enables critical elements of the innovation production 19 process including opportunity identification, concept development, and innovation design, and 20 (iii) interorganizational coordination -IT enables coordination between the focal firm and the 21 external innovation partners. 22
As an example of knowledge management, firms may invest in CRM systems to capture 1 customer preference information so that each customer can be provided with a unique product. 2
For example, Ritz-Carlton uses a CRM system to collect customer preference information to 3 provide each customer with a customized room (Berinato, 2002) As discussed above, it is likely that in more dynamic, munificent, and complex industry 3 environments, firms will pursue organizational innovations. However, some risk-averse firms 4 may pursue efficiency in operations even in more dynamic, munificent, and complex industry 5 environments (Smith et al, 2001). Such a strategy would be consistent with the competitive 6 approach taken by defendors (Miles and Snow, 1978) . However, we propose that most firms are 7 likely to pursue innovation in more dynamic, munificent, and complex industry environments. 8
They are likely to weight their IT asset portfolio more toward exploration initiatives relative to 9 exploitation initiatives. Thus, we propose the following hypotheses: 10
H2a: In more dynamic industry environments, the level of investments in the IT asset 11 portfolio will have a greater impact on innovation. 12

H2b: In more munificent industry environments, the level of investments in the IT asset 13
portfolio will have a greater impact on innovation. other IT components by using the appropriate price indices (to account for the price and quality 5 changes over time). We used the PC price index and the price index for Computers and 6
Peripheral Equipment from BEA to deflate PCs and other IT components. Min 1997), we estimated the IT stock on software, staff and training as three times of IT labor 9 expense. 6 We calculated IT labor expense by multiplying the number of IT employees by 10 industry-specific average compensation and deflate it using the Index of Total Compensation 11
Cost from BLS. The total value of IT stock is the sum of the stock value of IT hardware and 12 three times of IT labor expense. We divided the IT stock value by total assets and use the 13 resulting ratio as a measure of firms' level of investment in the IT asset portfolio. 14 Environmental Characteristics. We followed the existing literature (e.g., Dess measured the growth and volatility of industry sales using a two-step procedure. First, the natural 4 logarithm of the total sales of four-digit NAICS industries was regressed against an index 5 variable of years, over a period of five years. Then the antilog of the regression coefficient was 6 used as the measure for sales growth, and the antilog of the standard error of the regression 7 coefficient was used as the measure for sales volatility. The intuition is that the regression 8 coefficient captures the growth rate of sales, and the standard error of the regression coefficient 9 captures the unpredictability (i.e., volatility) of the sales growth rate. The same approach was 10 used to derive the growth rate and volatility of industry operating income. 11 that ultimately lead to new product introductions. As the market learns about a firm's R&D 20 activity, patents, and new product introductions, it responds to this information through 21
valuations of the firm's assets that are reflected in the market value of that firm (e.g., Tobin's Q). 22
Therefore, we used three measures of innovation that reflect this portrayal of the innovation 23 process. First, we adopted R&D intensity (i.e., R&D expenditure divided by sales) as a measure 1 of firms' innovation activities in search of new product and process innovations. Second, we 2 adopted the (the log value of) total number of patents applied by a firm as a measure of the 3 outcome of the firm's innovation activities. The number of patents was collected from the 4 National Bureau of Economic Research (NBER). Third, we used residual Tobin's Q as the 5 market level measure of firms' innovation and exploration performance. Tobin's Q (i.e., the ratio 6 of a firm's market to book value) is widely used as a proxy for firms' intangible assets (Fama 7 and French 1992; Chan et al. 2001 ). This intangible asset is attributed to the value created by 8 firms' innovation and exploration activities. However, a firm's Tobin's Q can be improved 9 through operational efficiency (e.g., cost reductions) as well as by improving innovation and 10 exploration activities. Therefore, we removed the variance in Tobin's Q caused by efficiency 11 improvements by running a regression of Tobin's Q on inventory turnover, payables turnover, 12 receivables turnover, and selling and administrative cost. We used the residual as a measure of 13 the firm's innovation performance. 14 We used R&D intensity as one of the measures of innovation. However, a criticism of this 15 measure is that it is an input measure rather than a measure of innovation output (Hagedoorn and 16 Cloodt 2003). Though it is true that R&D investment in a given year is a measure of R&D input, 17 successful R&D input in the prior years will increase the commitment and allocation to R&D in 18 future years. Thus R&D investment not only reflects current input, but it also represents the 19 success of prior years' R&D efforts (Hagedoorn and Cloodt 2003). Similarly, R&D inputs affect 20 innovation performance in terms of generating new ideas, models, and blueprints many of which 21 will lead to patents and new products (Griliches 1998). Thus, we used R&D Intensity as one 22 measure of innovation performance. 23
The second measure, patent count, is a common measure of innovation. Closely related to 1 patents, citation counts is an alternative measure of innovation. An advantage of the citation-2 weighted patents is that they capture the 'value' of each patent, whereas raw patent counts treat 3 each patent the same (Hall et al. 2005) . However, the citation based measure suffers from 4 truncation bias because, at any point in time, the data reflects citations received till that point in 5 8 2005) . 7 Given that our data is from 2003-2005, we believe that patent count is a better measure 9 of innovation for our period/dataset. 10
Tobin's Q is often used as a measure of firms' knowledge assets and innovation output. Control Variables. We included variables to control for firm, year, and industry effects. 4 First, we included firm-level control variables that have been used in prior research. Several 5 studies (e.g., Hitt and Brynjolfsson 1996) suggest that firm-level characteristics such as capital 6 investment, debt-to-equity ratio, and market share affect firm performance. Therefore, we 7 include capital investment (measured as total invested capital as a percentage of total assets), 8 debt-to-equity ratio (measured as book value of total liabilities divided by the book value of total 9 equity), and market share (measured as firm sales as a percentage of industry sales at the primary 10 four-digit NAICS industry level) as control variables. We also used the natural logarithm of total 11 number of employees (EMP) as a control for firm size. Second, firm's R&D capital and brand 12 strength may increase its intangible value (and increase its Tobin's Q). Therefore, we included 13 R&D capital (measured as the five-year average R&D expenditure divided by sales) and 14 advertising capital (measured as the five-year average advertising expenditure divided by sales) 15 as firm-level controls in the residual Tobin's Q model. Third, we used three binary dummy 16 variables to control for the year effect. Finally, a set of dummy variables were used to control for 17 firms' primary industry (based on the 4-digit NAICS code) so as to take into account other 18 unobserved industry effects (e.g., regulation).
8 Table 2 summarizes the definition of variables 19 used and table 3 provides descriptive statistics and the correlations between these variables. 20 8 It may be expected that manufacturing industries are systematically different from service industries in terms of efficiency and innovation. We also conduct a robustness check using a set of dummies indicating seven industry groups: Manufacturing (with NAICS code starting with 3); Construction, Mining, Utilities (with NAICS code starting with 2); Wholesale, Retail Trade and Transportation (with NAICS code starting with 4); Information, Finance and Professional Services (with NAICS code starting with 5); Education and Healthcare (with NAICS code starting with 6); Entertainment, Accommodation and Food Services (with NAICS code starting with 7); and Other In expression (1), all the dependent variables were lagged by one-year after the independent 6 variables (i.e., IT asset portfolio in year t, improves efficiency/innovation in year t + 1). These 7 models allow us to examine the impact of the IT asset portfolio on efficiency and innovation. 8
[Insert
The coefficients of the interaction between level of investment in the IT asset portfolio and 9 industry characteristics capture the moderating effects of industry characteristics. We mean-10 centered the variables involved in the interaction terms to reduce the multi-collinearity problem 11 and simplify the interpretation of the coefficients (Cohen et al. 2003) . 12 We employed 3SLS estimation for the model due to two main issues. First, prior studies 13 (Dewan et al. 1997; Hitt 1999) suggest that firms' investments in their IT asset portfolio are not 14 exogenous, but are influenced by other firm and industry characteristics. As a consequence, the 15 simultaneity bias makes OLS estimation inappropriate. Hausman tests also show that the IT asset 16 portfolio is endogenous. Second, since efficiency and innovation variables may be correlated, we 17 need to address the cross-equation error correlation. 18
Services and Public Administration (with NAICS code starting with 8 and 9). The results show that compared with service industries, manufacturing industries in general have higher efficiency and innovation. However, the general pattern of relationship between industry characteristics and efficiency and innovation outcomes are consistent across manufacturing and service industries.
In 3SLS, the first stage is used to estimate the endogenous variable, i.e., IT asset portfolio. 
18
We used Huber-White robust estimators to account for non-independent variance within 19 repeated observations of the same firm. We conducted OLS estimation with White test for each 20 individual equation, and found no heteroskadasticity problem. We also checked the Variance 21
Inflation Factors (VIFs) of all the independent variables. None of the VIFs exceed 10, suggesting 22 that there are no severe multicollinearity problem (Cohen et al. 2003) . 23 Table 4 Here] 1
[Insert
Results 2
Efficiency Models. Table 4b presents the results of the analysis. We discuss the efficiency 3 models first. As indicated in Table 4b, portfolio is associated with greater increase in R&D activities, new product and process 7 development outcomes (i.e., the number of patents), and increase in the intangible value of firms 8 in more complex environments than in less complex environments. These findings provide 9 support for hypothesis H2c. 10 Figure 2a illustrates the impact of IT asset portfolio on patents at different levels of 11 complexity (with all other variables at their means). When complexity is medium (i.e., at its 12 mean 0), an increase in level of investment in the IT asset portfolio by 1 standard deviation from 13 the mean (i.e., change from 0.07 to 0.19) leads to an increase in the patent measure by just 0.14 14 (i.e., the log value increases from 0.46 to 0.60). When complexity is high (i.e., one standard 15 deviation above its mean), an increase in level of investment in the IT asset portfolio by 1 16 standard deviation from the mean leads to an increase in the patent measure by 0.27 (i.e., the log 17 value increases from 0.57 to 0.84). This suggests that in more complex environments, an increase 18 in the IT asset portfolio is associated a greater increase in new product and process development 19 patents. 20
[Insert Figure 2 Here] 21
Similarly, Figure 2b illustrates the impact of IT asset portfolio on residual Tobin's Q at 22 different levels of complexity (with all other variables at their means). At medium level of 23 complexity (i.e., at its mean 0), an increase in the level of investment in the IT asset portfolio by 1 one standard deviation from the mean (i.e., change from 0.07 to 0.19) leads to an increase in 2 residual Tobin's Q by just 0.04 (i.e., from 0 to 0.04). At high level of complexity (i.e., one 3 standard deviation above its mean), an increase in the level of investment in the IT asset portfolio 4 by 1 standard deviation from the mean leads to an increase in residual Tobin's Q by 0.11 (i.e., 5 from 0.1 to 0.21). This means that in more complex environments, increases in the IT asset 6 portfolio are associated with a greater increase in intangible value and innovation. 7
DISCUSSION AND CONCLUSION 8
The existing literature suggests that IT creates value by increasing productivity (see e.g., on productivity, our research proposes and provides empirical evidence regarding how the 19 industry environment moderates the impact of IT asset portfolio on organizational efficiency and 20 innovation 10 . We find that IT asset portfolio is associated with a greater increase in the 21 efficiency of operations in less dynamic, munificent and complex industry environments. At the 1 same time, IT asset portfolio is associated with a greater increase in new product and process 2 innovations and exploration of growth opportunities in more complex environments. Before 3 discussing the implications of our research, it is important to examine some of its limitations. 4 First, consistent with the strategy literature, our analysis modeled the competitive 5 environment in terms of the dynamism, munificence and complexity. However, there might be 6 questions about how well this model of environment describes the role of the industry in 7 moderating the effects of IT asset portfolio on efficiency and innovation. For example, we study 8 the industry environment as being exogenous. In some cases, it is likely that the strategic use of 9
IT might influence the industry environment. Therefore, future research should also study how 10
IT may influence the industry environment 11 . Further, our study focuses on the generalizable 11 aspects of different industries and ignores their idiosyncratic aspects. For example, firms in 12 different industries may use IT differently to realize efficiency/innovation outcomes. Thus, it is 13 important to study how IT is used differently across specific industries, e.g., the retailing ( industry's dynamism, munificence, and complexity. Theories of managerial cognition suggest 18 that managers perceive different levels of dynamism, munificence, and complexity, even when 19 they operate in the same industry. Thus, the perceived industry environment might vary even 20 more across firms than the objective environment in our study. Data limitations preclude our 21 ability to incorporate perceived industry characteristics in this study, and they could be the focus 1 of future research. However, we speculate that the perceived environments would only 2 exaggerate the observed effects, while still providing support for our results. We had proposed (in H2a and H2b) that in more dynamic and munificent industry 8 environments, IT asset portfolio is likely to be associated with greater increase in innovation. 9
However, the empirical analysis does not provide clear support for these hypotheses. This 10 suggests that increases in uncertainty and growth opportunities may not be associated with 
